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PCMTEABLB ENVIRONMENTAL U.S. PaL No. 5^2(1,477, by Kevin iouk, usck boiicycranb 

CON'IAINNIENT SYSTEM core panels connected by H shaped joiners in cooperation 

with dips h&VEQg securing barbs. At first glance the dips 

RELATED APPUCATIONS resemble the rocmbrdne-holding clips of the present inven- 

, . , . . r r.i. 1, r 5 lioH. Howevcr, cxaminatioD disdoscs ifaat tfae baibs aie Dot 

The present applK:atK.n claims benebl of the bhn^^^^ for holding any third component (membrane) in place. They 

co-pciiding Provisional Application No. ay/lAA^K titled intermediaries betvveen the panel edges and the H joining 

"Portable Euviroumeutai Containment System^ filed in Jul., t>ar. The baibs fit into cooperating grooves or boles in the 

21, 1999. and jnojxporates said provisional application by panel and H bar. The Fink figures clearly show this. In 

reference. particular, HGS. 4-12. 

BACKGROUND Or Tlffi INVENTION '^^^^ ^^^^ comer assemblies have no 

resemblance to the structures of the present invention, 

1. Field of Invention U.S. Fat. No. 5.«57304, by Stuart Karten, et al, has a 
Tliis invention pertains to temporary structures serving as key-way cut into the ends of the panels and a Itey system 

retaining berms or bins for holding hazardous material is sliding into the key-ways, thereby joining two panels 

against escaping. In particular, to prevent oil well driihng together. The present invention has no key-ways, 

mud and other fluicfe released during drilling operations U.S. Par. No. 5,882,142, by Donald Siglin, ef al, is a 

Erom escaping the sire, and to protect the environment near permanent coirtainment dike comprijdDg panels bolted to 

the lank batteries used for holding drilling fiuids, fuel, and posts set into concrete and lined with an impervious sheet of 

supplies. Tlic system may be stored and transported as part 20 gpoteisfilc, which is secured to the upper rim of the wall by 

of a drilHng rig. bolted clamps. Tin's system requires considerable labor, 

2. Description of Rrior An preci.sion placement of ihe posLs and does environnoental 
In environments u-herc the soil mav be disturbed, earth is ^l^^g^- ^ contrast to the present invcnUon, SigUn bolls the 

piled up in berms to form a cbsed area then a>vered with an P^^^ overlapping joints 

impervious sheet of geodotb or similar. Earth berms require ^ ^^^^ invention uses nuts and bolts as joining fas- 
heavy equipmem to scoop and pile dirt and to pasb it back ^ ^^^^ ^S^^' making tbc Siglin dike 
into place when the need for ihe holding pen is over. In un-rcpairablc in the best of working conditions. Stainless 
environmenLs where the soil cannot be disturbed, is too hard, ^^^^^ °^ ™2y reduce the seizing problems 
or is delicate tundra, timbers sucb as old railraad ties are expense. However, under arctic conditions, the 
sucked as a ptai and the impcjviousgeodulh secured 111 the ^ ^lormally simple chore of starting a mn on a boh, then 
timbers by nailing, Tbc limber berms require heavy equip- tightening widi a pair of wrenches is a very diflicull task, 
ment to platx and remove. Timbers generally are too heavy loosening and removing nuts and bolts which may be 
to handle without machinery and if treated with creosote or ^^^^ difficuli than expected, 
otbcx pre&eivalives^ they may Icadi toxic chemicals into the ^^^"^ wrenches are awkward to handle with 
ground where they arc placed. This small but significant ^ ^^^^^^ ^^^^^ ^^^y ^ ^ dropped, leaving a litier. 
contamination has to be scooped up and removed for proper present invention has no nuts and bolts, 
disposal. The heavy timbers require larger hauling equip- Siglin diks^ uses posts set in concrete 10 support thij 
mcnt and more stor^ space than the inveolion described wall sectioiK, Concrete does not set well in freezing condi- 
herein. tious. Thus, the Siglin dike cannot be io&lalled in winter in 

The pateni literature shows several portable or temporary world, especially in permafrost zones, 

holding, beim-like, structures. Mast are for special purposes, present invention does not rely on concrete, 

not suitable for general or arctic use. Furthermore, the present invention can utilize arctic cold to 

U.S. Pat. No. 5.098,2^, by Carol Norman, shows a "^^^ ^ "^^ mortar" or '"ice-crete" of ice, frozen mud, or 

shaUow pit lined with an impervious sheeting surrounding hoWing the stnicnire in place, 

an oil well head. The marginal attacbmeot is not shown and ^- Objects of the Invention 

the text indicates that there arc several methods io use. The It is an object of the prtsenl iovcfllion to consiruil a 

railroad tics described abm-e are likely to be one suitable temporary conlainment berm using reusable panel HMduks 

means. Miss Norman's invention is intended for finished and other component parts requiring jio machioe/y or power 

wells, and is insufiBcicnt for use as protection during the tools to assemble or disassemble, 

drilling operation. ^" It is another object of the present invention to be reusable 

U.S. Pat, No, 5,236,281, by Dennis Middlcton, describes ^nd leave no environmental impact behind when removed, 

a polyurcibane fSrc ifcvice (bcnn) for use on coacfieie floors. ll is anotber object of the present invention to be able to 

Scctioas of the berm or dyke are pined by ghiing a form- construct a temporary containment berm usii^ panel mod- 

fitiing mok!e<] splice piece across the iniersliiiaJ space ulcs aiaJ other component parts fabckated fmm metal or 

between adjacent linear sections. The assembly cannot be composite sheet stock. 

disassembled without destroying at least part of the It is anof her obiecf of the preaot inventiofl to be able fo 

components rendering them not reusable. repair Ihe berm on-site with hand tools or common hand- 

U.S. Pat. No. 5,802;29?, also by Dennis Middlcton, is a held power toote, 

snmlar device. It is foam filled and desigqed to be glued to ^ anoilicr <^jcct of prcscnt invtnition that the 

a flat floor. Jofinr^ is by ^uiag a. piece cat firom sheet invention be usable ondcr arctic coodilioHS including while 

stock over the joint. wearing cumbersome arctic gloves and other gear. 

U.S. Pal. No. 5,S£K),091, by Edward Van Romer, is It is another object of the piesem inveoiioa \s» be tcaos- 
anoil^r dyke ^bnihr to the Middlcton invention, except thar portable [sy imck and maimally installed, 
the Sirppoftiug structure is pneumalic and the dyke is snffi- 65 It is another object of the invention to be transportable on 
cienlly pliable to penmt a neheeted vehicle to roll over the an erection truck, trailer, or siid module using the trans- 
wail portion. porter lo place ifae liner and other congjonenis. 
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11 is aDolter objecl of Ihe invcDlion lu be removabjy FIG. H is ao isometric view ol Ibe liner Jiuldiug sp ring 

attacbed to a drilling rig, thereby being tran^rted as part of clamp. 

a drilling rig or platform. yVG, 12 is an iaomclric view of a typical support gusset 

It is another object of the invention that the berm confines bracket 
the spread ofliquids or shiiries. 5 hG. 13 is an isometric view of an ahcrnatc embodimcirt 

SUMMARY OF TOE INVENTION ^^^^ " prcasscmblcd pancL 

FIG. 14 is two embodiments of a drive post. 

Panels or plaakg arc cut from sheet Slock generally lo err: i< .v i^i- 

- a ^ ^ I rF 11. LI MO, 15 IS an isomeinc view of an alternative embodiment 

Vi. men aluminum flat stock. Z or jogged plates are attached _ _ . . 

aear the panel ends forming hooks to cooperage wilh cI^k ^° , HG. 16 is an isomelncview of the joining section for the 

for joining panels. In the central portion of the panels the alternative embodiment. 

hooks arc arranged in pairs forming a track or key-way slots ™- 1? is an isometric view of the straight joining dip. 

to accept triangular load supporting gusset brackets having fmpisttq 
pads for stipporting weight and having wings which slide INDEX OF DETAILED ELEMENTS 

into the key-ways. 1, Berm assembly, general 

The end hooks accept clips uliich are either flat for 2. Support bracket assembly, general 

joining plates in-line or corners bent to form dihedral angks 3. Comer joining clip 

to form bin comers. Clips designed for in-line joining are 4. Joining hook, part of panel 

essentially flat and cooperage with the jogged plates to clip 5. Support bracket attachment hook 
into the end hooks to hold the panels end to end forming long ~ 6. Liner retaining clamp 

berm or bin walls. The clips for joining panels end to end 7. Berm wall panel 

also carry key-way sk)ts similar to the key-way slots on the 8, Support bracket atuchment slot 
panels. Support brackets attach to the joining clips in the finer fold 

same maimer as used to attach directly to the panels. H- PaiKl hand hold 

The comer clips are bent an appropriate amount to tun the -J^i^mg ^^V?* gcnc^ral 

bin wall. This is usuaUy 90 degrees, but may be any amount, ^ 
PreCerred turning is 125 and 157_5 degrees inleTnal angle. Joining clip blank 

Others may be bent as required, or a hinged comer piece Receiving slot for panel hook, 

may be used. No support gussets arc requited at the corners. 30 retaining hook (pair) 

Fauels may be iu several leugtte, widths (height), and BradkL^fo^^''^ 

thidtnesses, the preferred panel lengths beine 4, 6, and 8 feet m o 1 ■ 1- . 1. • * 

in length. The pJeferred pLj wid^ is 12 to 2^ i;chcs. The Spke receiving holes in h«cket foot 

preferred paael thickae« h to !d iuch. jl! lil^hold or lightenittg CUIOUt 

Rows or panels are stackable using gusset brackets which 22 Gusset wing^ 

arc large enough to span more than one row 1^ gussets 23! Panel wilh mlegnd supporting bracket or gubsets, gpn- 
Ihcn act as tie studs between the stacked panels. The larger o ri- e. & * & 

gussets capable of panning t^vo or more stacked rows arc 24. Fixed support gusset or bracket 

automatically scaled to support the larger loads expected 25 Hand hold. 

when the berm or bin becomes filled ^ 26. MouDtiDg holes for attaching to a driUrig. 

Sections can be ranovcd easily to permit passage of 27. Hold down spike 

vehicles bringing in suj^lics or rcojoving cqu^mcnt then 28. Hold down pad 

easily rcpbecu by wurkinca of the skiU levels and tools 29. Low berm embodimcQt, general 

commonly found around drilling operations. Similarly, acd- 30. Low berm wall 

dentally damaged sections can be quickly and inexpensively 31. Low berm footing 

replaced, thus avoiding fines and other complications from 32. Low berm joining stot 

po^le viol&eion of enviiomiiental proteown laws. 33. Low beim foot wings 

BRIEF DESCRIPnON OF THE DRAWINGS ^ l^Z S fJ^?' ^'^"^ 



RG. 1 is an isometric view of an embodiment of the Altomativc joining cKp, gcocral 
assembled invention. 

FIG. 2 is a front view of a typical panel module. ^^^i?P DESCRIFRON OF THE 

„^ a . , . c / ' . . ' . PREFERRED EMBODIMENT(s) 

FIG. 3 IS an edge view of a typical panel module showing ^ ' 

the assembly hooks. 55 HG, 1 illustrates an aswmbled eoibodimeal of the present 

FIG. 4 is a view of the joining dip assembly. iaveotioo, 1. The cooi^uents illustrated are the berm wall 

HG. 5 is an cdgp view of an assembled panel joint P^^^ ^ support gusset bracket 2, corner clips 3, panel 

showing an installed joining clip and gusset bracket joming hooks 4, and the bracket mounting hooks 5, which 

nC. 6 is an edge x-iew of an installed comer bracket ' J ^ "^^^^ the support bracket 2 is inserted. 



35. Low berm joining tang 



liner retaining spring clamps 6, spikes 21, and the liner 9. 

CT^, c u J J- r ^ . • FIGS. 2 and 3 arc orthc^phic views of a typical panel. 

HG. 8 IS a free body diagram of an outwardly stopmg ^hc panel has joining hooks, 4, at each end comp^ng 



FIG. 7 is a finee body diagram of a vertkial berm wall 



berm wall 



jogged plates welded, bolted, or riveted to the panel . The end 
FIG. 9 is a free body diagram of a vertical berm wall with hooks shdably engage slot; in cooperating joiaing clips to 
ovcrtummg-resisting foot pad. 55 connect adjacent panels into longer runs or to form comers. 

FIG. 10 is a :&ee body di^igram of a cnmhined veiiKal and Clips oa the interior poilians ^ the panels accept gpsset 
outwardly stepiu^ wall. bradcets which serve as foofiag to prevent (he panels from 
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sinking inlo the gruimd and svshsi ovcrUimlng. 'Ihe brackets 
2 bave hohes Uutxi^b which securing spikes are driven into 
the groundy warefaouse floor, or other surface to picvcnt 
bracket slidiug and panel Ixiwing. 

FIG. 4 shows a typical panel joining dip assembly 12, A 
clip consists of a fiat plate 14 with slots 15 and bracket hooks 
16 symmetrically located around a center line. Tbc bracket 
hooks face each other and form a T slot 17 for receiving a 
support gusset bracket, which is also shown in FIGS. 1, 4, 
and 12. A hand hold, 13, is generally included for handling 
the clip with one band. 

When the joining c]q> is ustd to connect two panels^ the 
two clip-pIate slots IS ^raddle the jogs of the joining hooks 
4 of adjacent panel ends as shown In FIGS. 5 and 6. 'iliis 
locks the adjacent panels in position, preventing the two 
panels from either separating or moving tc^ether in an 
overlap, while pennittii^ a OKKlest amount of anglii^ 
between adjacent berm panel. The clip base plate 14 may be 
jogged at dots 15 to ptovide a closer fit agaiiKt the plank 
panel 7. The slots IS may also be tilted inward or outward 
to permit adjacent panels to be angled vertically. 
Alternatively, the join clip can be fitted with a pivot for 
accommodating vertical angling. 

Corner cKps 3 are similar to the in-line joining clips of 
FIG. 4 except that comer clips do not have the gusset bracket 
hooks 16 and are bent as illustrated in PIG. 6. Tlie most 
cotnmoQ comer bracket is bent 90 degrees. However other 
angles, in particular 1 75 and 157_S degrees interior angle are 
partiailarly useful . Clips ol' \2S degrees makes a 45 degree 
turn in the berm wall, and 157.5 degree clips make a 22.5 
degree tun. Of course, custom bending or hinged corner 
pieces may be utilized to turo a corner for specific purposes. 
Of particular use are comer pieces augled appropriately to 
form regular polygons sudj as 4, 5, 6» 8, 12, 16, and 32 sides. 
Polygpns having six or more sides approach a circular shape . 
When pairs of longer panels are placed on opposite sides, the 
cnckjsure becomes approximately oval ^apcd. There is no 
requiremcm that the endosnre defined by the present inven- 
tion be any specific shape, regular shapes may be con- 
structed as needed to fit the requirements of the application. 

FIGS. 1, 5, and 6 5how the joining clip in use and illustrate 
the relaiicaiship of the various elements, 

aips for use where the expected loads are not severe may 
be fobricatcd &om^ or bar stock as U-sbaped staple^like 
clips. 

FIG, 12 is an istimctnc detail of a gusset bracket 2. The 
gussel brackei illuslniled is an assembly of I wo triangular 
3?aus 30 fixedly comic\;tcd by welding, bolting, riveting, or 
similar. A set of wingfi w ribs 22 is connected to the pan for 
attaching to ttic bin panel by sliding tbc wings into the 
joioiog clip or panel T slot 17 or 8. Further, a foot pad 18 is 
attached to the pans to serve as a foot .support the gusset 
bracket and attached panel on 1hc ground. The attaching 
wings slide into the T slot between the bracket hook plates 
4 od tbe paoels or tiie hock plates 16 on the joining dip. 
There is no need for gusset brackets at the bin comcre, as the 
corner piovidcs its own resistance 1u ovemiraing, FIG. 5 
Show a joining clip assembly with a gusset bracket installed. 

'Hic irtefcned falmcaticm Tfialcrial is aiurm'num sheet 
stock, but any materials suitahle to purpose may be uscd^ 
hicludii^ otter metals, oompoafies^ -plasties, and wood. 
Thloiier ribbed or corrugated sheet may be used, whereby 
the ribs or oorragattoos provide the noocssary stifibcss to the 
panels. 

Hand hokfe are inchided whoever needed. At least one 
hand hold 11 ai the center of each panel assembly is desired 
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for carrying the panel. Aluminum panels are sufficiently 
light that only one ccotratly located hand hold b rcquixed for 
all except the longest models. The prcfcrrcd. hand holds arc 
slots through which the hand is placed for gripping (he 
5 panel. Handles of various shapes and locations are equally 
practical for manipulating the panels. 

The formulae in Table I calculate typical forces to be 
expected on various parts and sizes of the berm structure. 
The calculations performed are illustrative and do not con- 
stitute a complete application design, and do not represent 
calculations of or to determine stress, strength, or section 
requirements, or consider the load bearing characteristics of 
Ihc soil. 

FIG. 7 iBustrates that the fluid pressure is zero at the 

^ siuface and maximum at the bottom. Integration indicates 
that the entire pressone can be represented by a single 
pressoie operating on an area at % depth down from the 
Nurface. Amither axinm nf static free btxly atiatyKisis thai Ihc 
all the forces can be represented by a set of vertical, 
horizontal, and tmskmal vector components. Each axis, 
vertical, horizontal, and torsional must be balanced to a net 
of zero. If not zero, the whole structure wonld be in motion, 
not static, by definition. 

llielaig^l overall forces are encounlcred when the bin is 
filled to the top. Kefer to HG. 7 for a free body diagram 

^ illustrating the points of action and diiections the primary 
fiorces eucouateced in use. 'ilie small force \'ectors represent 
the incremental forces of small portions of the fluid being 
retained. These forces are summed (maiiKmatically inte- 
grated using calculus) and combined into one equivalent 
force, Wh. Calculus also determines that the equivalent 
force acts on one point VS up from the bottom of the fluid. 
Since all &>rces, in all linear and torsional axes, must sum to 
zero, the reaction forces can be calculated. For the configu- 
ration shown in FIG. 7: Rh«Wh, FTOC-FSPIKC, 
FT0E*M=WII*D/3. These calailalions do not take into 
account the aiding forces provided by hydraulic pressure in 
die vicinity of the bottom comer of the Hncr. 

Tabies I and U set forth most of the basic principles and 

^ equations according to whidi calcuiatioDS of the physical 
size and strength are made. These principals are universal 
and apply to vertical, sloped, and composite berm wails. 

Hie equations of Table I indicate that the longer the foot, 
the smaller are the vertical forces on the foot. 

45 For vertical walls, the toe force is upward, preventing the 
toe from sinking into the soil, and the heel tbrce is down- 
ward and snpph'ed by pinning to the ground. However an 
outward slope of only 10 degrees (80 from horizontal) takes 
advamagc of Ate weight of the contents to -ptoviJc a counter 
to the overturning moment An ofl&et of 20 degrees (70 from 
horizontal) will offset all overturning moments and not 
require any spiking tic-down whatsoever 

The horizontal restraint at the base r required to prevent 
the bracket Crom slipping along the giouixl or warehouse 

55 floor. It is resisted by side forces distribttted among the 
pfUtting nails. The amount of force cm each pin is 
incalculable, but is generally expected to be noughfy equal 
The interior of the berm bin is lined wilh an uidjroken 
sheet of appropriate cualcrtal 5?. Tbc licer is u.sually m 

«) Tmpenrkius sheet of material cttcnrically oiimpalibic with the 
expected contents and other environmental conditions. A 
suitable liner for use around an oil well is "HYITUiL ('"*)" 
polyester elastomef by Dupont. Gcuerally liner 9 is a con- 
tinuous sheet of fiat stock with the excess malerial at the 

65 corners folded 10 along a bin sklc waO. 

The liner may be a jabricated **baj:'* UEsing appropriate 
joinii^ methods at tl^ comers. 
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Ibc lin»i:& laid in Uic^formlo lhc sides and boUum of 3. lOiAL HORIZONTAL FORCE ON A VERTICAL 

the bin, cxtcndiag to tlx rim and folded over a [vvr 'mchcs. RECTANGULAR SURFACE UNDER FLUID*WD*D/ 

Au oDjega shaped spriag damp as sijoww ia FIGS. 1 and 11 2, WHERE 0 IS THE DEPJH OF TFfE FLUTD, AND W 

is ov,?r Ibr rim of tbe bin, piffmping tbe iifl^r to tb? IS THE WIDTH OF THE KECIAKGLE. 

upper panel. The lii»r clamping clip mav be made of any 5 4. THE IXJTAL FORCE ON A VER'nCAL RECIANGU- 

resilient material such as plastic, spring steel, or non-ferrous ^^R SURFACE MAYBE CONSIDERED AS CON- 

spring metals. la emergencies, a length of wood may be C3ENTRATED AND ACTING ON A POINT % DEPTH 

slotted and pressed into place over the panel edge. BELOW THE SURFACE, 

Other Embodiments and \^riatiDTis 

TABLE I 10 12 shows -d basic embjdimenl of Ihe support giisstjt 

General Formulas For Calculating Foundation A stiffenirg member or rib along the diagonal edge 

Loadine y""*^" retasl budding of the shear panel and lu 

For Vertical Bonn or Bin Wall ^^^^^'^^^ compression strength to the gusset Obviously, the 

gusset bracket can be assembled from other cximmon struc- 

Use angle of W acgrocs . ^ ^ ^ luial sections such as angle stock or T sections fastened to 

^ Berm or Bin WSfiM Sbpmg Outwardly Alpha Degrees triangular shear panel to form the v^ings, foot, or stiffener 

from Honacintfll portions, HG, 13 shows a bracket assembly with integral, 

Assume tbe weight, of the panels is zero non-rcmovablc wing and foot parts. Tbe holes 26 of the FIG. 

Length of Gusset foot=LF 13 embodiment are for hanging the panel onto the structure 

Horizontal hydraulic force on p a ne I -Wh - ^ P^^^^'^"" ^^rage and transportation of the 

density*depih*depihP t)erm as drilling rig equ^nnent. FIG. 17 is the straight joining 

DowQwanJ force on panel-Wv-Wh'colang«QKalpb») f °^ ^^.r^^l^r^VfK *f T.^°1^c 

_ 6 -v y / shown in FIG. 13. In the Add. the components of the HGS. 

Overtttining nKHncnl-Wh-dqrth.O i 3. 3. 4, 5, 6, 13, and 17 are interchangpable and may be 

Horizontal distance from panel bottom edec to point of 25 intermixed in the swimc fx-rm. 

actkm of %-crtical forci?-WvlMD/3>Tai^nt(ALPHA) pio. 15 siiuws an embodiment 29 comprising a low berm 

\trfical Resisting force at panel bottom-((Wh*D/3)- wall 30 and-an integral foot. This embodiment is to be used 

^J^WvD))/(LF) for small enclosures or for surrounding a larger work area. 

Vertical Resisting force at outer end of foot«<(Wb*D/3)+ ^ The low berm is less than 1. foot high to permit the crew to 

(Wv*WvD))/(LF) step over. The purpose is to contain the small amount of 

NOTE: Negative foot forces are in tension, and indicate that contaminants being tradsed around by the crew, to divert 

a hold-down means is required, IE, spiking, sandbagging, water and mud away frcMn the worksite, and to demark the 

etc. Positive forces are pressing into the ground. The spikes immediate work area without presenting a general barrier 

shown in the figures primarily resist the horizontal forces ^ such as the primary containment berm or a fence requiring 

urging the bcnn wall to slide away from the contents. ^ ^ 'Hie foot 31 is illustrated as having guU>wings 33 

I^opaly set spikes can act in tenskm also. which can be spiked, buried, or ioc mortared to the ground. 

A flat T or L foot is a satisfactory alternative. 

TABLE n FIGS. 15 and 16 iUustrate a pintle and gudgeon type 

^ joining. Blade 35 of the joining section 34 is passed through 

Asdoms Pertaining To Free-Body Calculations ^^^^ ^^^^ ^o^S panel piece 29, The footing 

of the joining section should be smaller than the matching 

1. THE BODY IS AT REST. section of the long piece to permit nestinc of the two foot 

1 ALL FORCES IN THE X, Y, OR Z AXIS EACH MUST portions. The joinhig scction^y be bent to form a comer 

SUM TO ZERO. section or if the blade is a pin, then joined sections may be 

Otherwise, tbe body is would be in motion. ' set at various angles. 

3. ALL TORSIONAL COUPLES AND FORCES MUST Separate joining sections may be eliminated altogether b>- 
SUM TO ZERO. haviiiii the long panel pisaxs comprising a blade 35 al one 
Othccwisc^ the body would be ^^linning. end and slut 32 at the other ezuL 

4. LINEAR FORCES MAY BE REPLACED BY 5^ The low berm can also be ctinstructed-wilh joining books 
ORTHOGONAL FORCES IN THE X, Y, AND Z AXIS. asdcscribcd in the preferred embodimcm. Then joining is by 

5- ORTHOGONAL FORCES M/\Y BE COMBINED INTO appiDpriatcly scaled clips of She v^TTin style as prc\iDUsly 

•ONE FORCE described. 

6. BY CONVEN-nON, FORCES SHOWN ARE SUPPORT Obviously, the r^ar berm of FIG. 1 or the panels of 

OR ENVXRONT.rENTAL FORCES ACTING ON ITiE VIG. L5 can be scaled down to perform the same function as 

BODY. NOT FORCES FROM THE BODY TO TOE the FIG. 15 embodiment, but the HG. IS embodiment is 

ENVIRONMENT simpler; less expensive, and easkr of use for the reduced 

Axioms Fertairiin V H d ul • F requirements where a small barrier is needed. 

go y ra ic orccs s^pikes 21 al the outward end (toe) of the support 

1. HYDRAULIC FORCE AT ANY POINT IS THE 60 bracket kn)[ l« are prcMmt primarily to provide the hori- 
DENSITY^DEPTH AT THAT POINT. THIS REPRE- zonial forces, Rb, which oppose the'lendcocv to shde the 
SENTS THE WEIGHT OF A COLUMN OF THE FLUID bracket along the ground. These i^ifaes may be replaced by 
OVER THE AREA UNDER INVESHGAHON. THE a ctownwaid pointing pcatioa at the toei»»J. Thisi)ortiou 
FORCE IS ZERO AT THE SURFACE AND MAXIMU'M would b^ driven into the grouod and present a significant 
AT THE BOTTOM. 65 vertical lace imdcr the sail to prevecl borizDclal shdij^. 

2. ATANYPOINTWITHIN AFLUID, THE HYDRAUUC Similarly, the rear spikes resist both horizontal forces and 
FORCES ACT EQUALLY IN ALL DIRECnONS. piovide the hold down foices to required pi^vent tte inner 
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cmJ (htsel) Irom rising, Ihc rear spikes can be rq)laced by an prujection of Ihc sloping portion is small rclalive lo Ihc bcnn 

extcnsioQ on the T rib. When driveo into the ground, the height, the preferred angle is from 0 (boriTonlai) to 45 

cxtcnsioa would pmvidc pinmng function and also lend degrees. Larger sloping portions can utilize larger angles, 

press backwards against Lhc g)round and IcDd lo lift a The more the stoping portion protrudes into the bin, the 
quantity of earth. Both of these can provide significant 5 more effective it is in resisting overtumiDg. 

resistance to overturning. Another embodiment is shown in FIG. 9. FIG. 9 shows an 

In apph^Uons where the overturning moment is not extension of the gusset foot under the bcrm liner. The weight 

r.^'ff''^ f nitaimng hghtmatcfials. the support ^^^^^^ ^^^^ ^^^^^ 

gasset bracket can be replaced by posts having An T- T, H. . r • 

or V section driven inio the earth. HG. 14 sho^^ two fplaycd mto a paddle shape 28, provides coi^Klcrablc rcsist- 

embodiments of a post. One a simple V and the otter has ^8 ^.^"^^^^.l? overtummg mon^nt. Mathemapcally, 

wings. In use, the edges of the V or the wing? are slid into ^^^^^ ^ °° difference between the paddle and a honzontal 

slots 8 or 17 in the same manner ai> the iriauguJar gussel extension of the panel. 

bracket 'llie spring clip shown in HGS. 1 and 11 is unbroken over 

While the figures iUustrate depth of only one panels the ils lengtli. An optional feature is to cut scries of slots a few 

panels may be stacked to form 2 or 3 layer berms. Stacked inches apart. The cuts would be from the open edge to just 

panels use enJai^ed gussef bradcets thai support and verti- below tbc begimiiug of the over-top curve. Such slots add 

cally join the panels. An H-^scctioo bar or equivalent (not flexibility and permit the clip to bend slightly and to conform 

shown) ctttt be u^etl befvveen siadfed rt^ws to add alignmen! to any panel curvature or to accommodate changing thick- 

and horizontal ^iffening. ness in the hner due to folding, rivet beads, or other 

While the preferred method of forming a coriKr is to use obstructions protruding from the panel surface, 

a bem comer clip, iris wicbiri fbe optional configurations of The panel sections are eaaly handled by one or two 

the in\'eation to bend the panel itself, thereby eliniinating the workmen, but the liner for even a oK^deralely size berm 

corner clip entirely. Panels may also be bent into arcs for installation is heavy and awkward tohandle. There is alu'ays 
m a k in g curved bin walls. ^ a possibility that a forklift whichis seldom available, would 

ITie illustrations depict a bin or berm with vertical sides. damage the sheet. A speciahzed haridling system to dispense 

Stoping berms can be installed by simply changing the angle ^ioc can he installed on a truck. Such a dl<qieaser would 

of slots 16 to point ijiward at tlie open end, and constructing be either a reel upon which, a partly Iblded sheet is wound 

the gussets with an appropriate slope at the win^. The ^ large Hat .storage/dispensing bin containing the liner 
preferred berm wall slope is with the upper edge outward. ^ folded /ig/ag inki a pad, and is di.'^nscd in the manner 
FIGS. 8 and 10 show force diagrams for outward-sloping " utilized by fire trucks to lay canvas tire hose, 

sided embodiments. The appropriate angles can be ca.sily iNVFNTfON 

determined by simple trigonometry, scale drawings, or ""^ ^"^ INVtr<rnuN 

simple models. The job site details wfll determine the minimum size and 

Skiing makes a larger volume, but mrjre impt>rtant1y, the 35 plaoemcnl of the berm and in same cases site conditions 

overturning moment is partly oQisct by the downward weight ^unil maximum height that can be installed (u avoid 

of the c(Hilezils» and the braiiket feet Support the weight more inlerfereno; with operaliiHK of madiineiy ia and around the 

cN'ealy distributed over Uieir entire arca. HG. 8 is the furuc berm. 

diagniuj fur a idupcd wall. An outwant slope of only 10 To customize the present inventioD for a particular 

degrees (80 from horizontal) rechices the need for ^klng instaUatioo, ao estimate is made of how much volume 

hoM-dowQ at the heel to a few poundS4 An outward slope of should be contained for protection against a worst-case spill 

20 degrees (70 from t:u>rizontal) \^'ill ofifeet all overturoing scenario and to meet industry and legal standards. 

momcnU and not require any spiking tic -down whatsoever. Then the volume of the proposed berm enclosure is 

Lengttenii^ the fool pad on the gasscts also reduces the calculated and compatBd to the wmst-case nequirement. If 
amount of any heel Hft to be restrained. The lift is never zsro 45 the proposed berm is too small, the perimeter or height has 

with vertical walls, and bDrizonlal forces remain for all lo be enlarged and fBcafcukttA The various nicBSUralioD 

coahgaratf€m& fomnilas lo compute vcjlumcs of regular and irregular shapes 

There tti rnHbing inherently limiting ifae ai^le ofsk^, bui are readily available. FormulaK, charts and nomograph can 
prdctical uHisiiferdrious^ suggest that 45 degrees is a uviid- be provided in ttie installatiuu kit of instructions. *llie ability 
jmum useful skipe (oi a letaining Ihd wall. Laigier slopes are 50 lo perform the calculations stuuld be within the ordimry 
practical wferir the bin wall is part of a materials handling skill of an engineer or mechanic assigned to specify con- 
feature such as a slope for aiding in loading or nnk^ading the tainment syst^ni diescribed herein. It should also be within 
bin. the ordinary sidll of the mechanic assigned to oversee the 

The figures also show two other optranal embodimeols to ir»tallalion of the coDtaimneDt beiXD system with the aid of 
overcome the c^rturmng momeals. FFG. 18 i^ws a diam- 55 instaUation charts, graphs, tnd oomograpbs to be supplied 

fered wall. The inward turn presents a tmriTnntal projection with the instaUaticm idt. 

of a sitrfiice upon which the weight of the berm amrents acJs. The route of the berm is laid (rat on the gnrand, the panels, 

Hiis geomeliy causes the oeni<a^ of pressure to move inward gusset brackets^ i^nkes^ Kner, and dqK are brought to the job 

relative to a total s^opicg wall. The net ellecl is to use the site and erected similarly to the illusU'atioD of FIG. 1. 
sloping portion more elfectively lo olTset the overtunring eo The various panels are joined by sl^ng tte slots in the 

moment, llie overturmng moment for all configurations joining clips over the book at the end of the panel. The 

relies only on the horizontal component of pressure on the siqipofl gnssct hra<*cis arc slid into the channels provide to 

(see of ttej wall. The gravity (kriv&A moment nssisting attad> them to the panels. The gusset brackets are spiked to 

overturaing relks only on the vertical compofleot of prcs- die ground, the liner is mcked into dte comeis and pulled 

sure on any borizontal projection of sloped face. over the rim. When all is in place the liner retaining dips are 

llie chamfer may be a whole pand, or an inwardly b^t installed and the henn is complete, ready lo receive a spill 

secticn of a panel at the bottom. When the horizcmial aiKl protect die surrounding environment. 



